The response from a factorial experiment carried out in a time sequence may be affected by uncontrollable variables that are highly correlated with the time in which they occur. In such a situation, one possibility is to randomize the run order of the experiment. Another possibility is to use a systematic run order that is robust against time trends. Since randomized run orders make the time trend part of the error, it can be hoped that systematic run orders will be more effective to identify truly active factors. In this paper, a simulation study is used to compare the performances of the randomized and the systematic run orders. The response from an experiment where we have observed a strong time trend is used to demonstrate the influence of a realistic time trend on the run orders under consideration. The performance of the run orders is then measured by taking the probabilities of false rejection and the probabilities of detection of active contrasts. Our results show that the randomized run order managed to keep the nominal level, while the systematic did not. Additionally, when there were active factors, then the systematic run orders did not achieve more power than did the randomized run order.
then the observations may be affected by a trend. For instance, the response from the experiment may be affected by uncontrollable variables that are highly correlated with the time in which they occur (see, e.g. Bailey et al. 1992 ). In such a situation, run orders are usually randomized before the experiment is performed. However, any particular random run order may or may not be adequate and hence randomization may lead to run orders where the estimates of factor effects of interest are adversely affected by the presence of trend. Therefore, a systematic run order in the presence of time trend may improve the efficiency with which factor effects are estimated. It is therefore pertinent to consider systematic run orders in which the estimates for factor effects of interest are trend resistant.
On the other hand, there are authors who do not even accept that randomizing the run order of a factorial design is a useful precaution against time trends, see e.g. de León et al. (2003) . It is not clear that the randomization argument really works for saturated fractional factorial designs: each design with n runs has n − 1 contrasts (i.e. main effects or interactions) that may become influenced by the time trend. Note that there are only (n − 1)n/2 possible run orders for each column. So there must always be some columns of the design that are heavily influenced by the time trend.
In this paper, three possible run orders of a fractional factorial design are considered. These are the standard, the randomized and a systematic run order for a non-replicated 2 k−p experiment, where k − p = 4 and therefore the number of runs equals 16. This allows to estimate 15 main effects or interactions. The analysis was done with a simple version of the half normal plot (Daniel 1959), where we have used 1.5 times the median of the absolute values of the contrast estimates as an estimate of the variance. This estimate was calledσ 2 M by Kunert (1997) . There are two objectives of our study. We firstly want to compare the performance of the run orders when there are no active contrasts. A contrast is said to be active if it has a true effect on the behavior of the response. The second objective is to determine the power with which truly active contrasts are identified. The performance of the three types of run order are measured in a simulation study by identification of probability of false rejection (PFR) of non-active contrasts and probability of effect detection (PED) of active contrasts. The response that we considered for the study, is based on two data sets produced in a physical experiment that we normally use in our courses on experimental design to demonstrate the problem of time trends (see also Toutenburg et al. 1998, pp. 99-104) . The variable of interest is the run time of a ball bearing in a funnel. This increases over time, even if the experimental conditions are left unchanged. For details about the present experiment see Adekeye (2004) .
Simulation study
The purpose of the simulation study is to compare the behavior of a randomized run order with a systematic order (which is a linear trend resistant design) and the standard run order of an unreplicated fractional factorial designs. For each of the run orders under consideration, we based our simulation study on 10,000 simulations of a 16-run experiment. In our study, a design identified some contrasts as active whenever the largest of the absolute values of the test statistics was greater than a given (simulated) critical value at a desired α level of significance. The proportion
